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Abstract 12 
One possible factor involved in the aetiology of laminitis is grazing intake.  Whilst 13 
some studies have looked at grazing intake in healthy animals, there has been little 14 
comparison made between animals with and without a history of laminitis.  The aim 15 
of this study was to compare grazing intake between health animals and those with a 16 
known history of laminitis.  Sixteen mature grass-kept (maintained at grass 24 hours 17 
a day) native breed ponies from World Horse Welfare in Norfolk were used in the 18 
study, which was conducted in the month of July for a period of 12 days.  All animals 19 
were grazed under identical conditions.  Grazing areas were of that suitable for the 20 
management of animals predisposed to laminitis (for ethical reasons) and therefore 21 
herbage mass was low (Yield: 124 kg dry matter/ha; sward height of 1-2 cm).  Faecal 22 
samples were collected from 8 clinically normal horses (NOR) and from 8 that were 23 
predisposed to laminitis (LAM) in July 2005.  Grazing intake was measured using the 24 
alkane technique.  Dry matter intakes (DMI) per kilogram bodyweight were low in 25 
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both groups of animals: 1.32 ± 0.31 percent versus 1.62 ± 0.74 percent for NOR and 26 
LAM, respectively. There was no difference in DMIbetween the two groups of ponies 27 
(4.43 versus 4.25 kg/day for NOR and LAM, respectively).   Mean DMI per kilogram 28 
bodyweight per day were 1.32 and 1.62  for NOR and LAM, respectively (20 percent 29 
difference).There was a greater variability of DMI within the LAM group with intakes 30 
ranging from 0.81 to 2.36 percent bodyweight.    The low DMI values were attributed 31 
to the overgrazed nature of the pasture used in this study, which was unavoidable 32 
due to the welfare issues associated with grazing overweight, laminitis-prone horses 33 
on good grazing pasture. Further work is required with a larger study population 34 
grazing pastures with greater herbage mass.   35 
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Implications: 39 
Pasture-induced laminitis is thought to be due to excessive ingestion of grass.  What 40 
is unknown is why only certain animals develop laminitis even when grazed on 41 
identical pastures, which may be due to some animals eating more than others. This 42 
study investigated grazing intakes between ponies with (LAM) and without (NOR) a 43 
history of laminitis.  Results showed no difference in intakes between  the LAM and 44 
NOR groups.  However, the LAM ponies ate 20 percent more grass overall compared 45 
to the NOR group.This implies that more research is needed with larger groups of 46 
animals to determine if differences in intakes exist between LAM and NOR groups 47 
and if this may be a predisposing factor in the onset of laminitis. 48 
 49 
 50 
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Introduction 51 
Laminitis has widespread implications for equine welfare; it has the highest death 52 
rate of any orthopaedic condition and is the second largest killer of horses in the UK 53 
next to colic.  It is also extremely common; in a survey involving 113000 horses in the 54 
UK a prevalence of 7.1% was noted (Hinkley and Henderson, 1996).  Clinical 55 
laminitis represents the end result of a systemic condition that can have many 56 
predisposing factors as outlined by Trieber (2006).The pathogenesis of acute 57 
laminitis and in particular the relationship between hindgut disturbances and the 58 
pathological mechanisms in the digit are crucial to the understanding of the 59 
pathogenesis of this disease.  Although there are also many other potential factors 60 
that may contribute to this condition, pasture-induced laminitis appears to be the 61 
most common aetiology in the UK (Hinkley and Henderson, 1996). Moreover, the 62 
incidence of laminitis in the US is reported to be 2 percent rising to around 5 percent 63 
in the spring and summer (Longland and Byrd, 2006).  As its name suggests, this is 64 
thought to be associated with excessive ingestion of pasture and/or abrupt change in  65 
pasture NSC, and studies in the UK suggest an increased prevalence of laminitis 66 
during periods of rapid grass growth.  Grass storage carbohydrates (water soluble 67 
carbohydrates) have been implicated in the onset of pasture-induced laminitis 68 
(Longland et al., 1999).  However, one intriguing area is why only certain individuals 69 
appear to be predisposed to laminitis, even when grazing identical pastures?  70 
Several schools of thought exist, including differences in individual susceptibility at 71 
the level of the large intestine in the ability of this organ to buffer changes in pH due 72 
to lactic acid production, microbial populations, genotypic factors and grazing intake 73 
to name but a few (Bailey et al., 2004).  Intakes of pasture are reported to range from 74 
1.5 percent to 3.3 percent of bodyweight (BW) per day (Holland et al., 2000; 75 
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McMeniman, 2000), indicating a large variation in grazing intakes.  However, despite 76 
the prevalence of pasture-associated laminitis and the links between intakes and 77 
onset of laminitis in some individuals, there have been no studies investigating 78 
whether differences in grazing intakes between individuals may affect susceptibility to 79 
laminitis.  Consequently, the aim of this study was to measure grazing intakes in 80 
ponies with and without a history of laminitis, with the hypothesis that animals with a 81 
history of laminitis may have greater intakes than those without. 82 
 83 
Materials and methods 84 
Animals and management 85 
Sixteen mature grass-kept (maintained at grass 24 hours a day) ponies from World 86 
Horse Welfare in Norfolk, United Kingdom were used in the study, which was 87 
conducted in the month of July 2005 for a period of 12 days.  Eight mares and eight 88 
geldings were used in the study, split into two groups of ponies, 8 clinically normal 89 
(NOR) and 8 that had a history of  laminitis (LAM).  There was an equal distribution of 90 
mares and geldings in each group.   Ponies with a history of laminitis were included 91 
in the study if they were diagnosed with acute laminitis 3 or more times during the 92 
preceding three years.  Bodyweights at the start of the study averaged 308 ± 92 kg, 93 
with body condition scores averaging 3 ± 1 on the 0 – 5 scale.  Animals were 94 
weighed at 0900 hrs on days 1, 4, 8 and 12 and condition scored on days 1 and 12 95 
(Carroll and Huntington, 1998).  All animals were grazed under identical conditions in 96 
the same paddock.  Grazing areas were of that suitable for the management of 97 
animals predisposed to laminitis (for ethical reasons), with low herbage mass and 98 
small paddock sizes (0.3 acres per pony).  Grazing intake was measured according 99 
to the techniques described by Dove and Mayes (1991).     100 
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Marker preparation and administration 101 
Ponies were hand fed a bite-sized Weetabix® (WB: Weetabix Ltd, Kettering, UK) 102 
labelled with C32 alkane (Fisher Scientific, Loughborough, UK: 10162190) 3 times per 103 
day for a period of 12 days.   The alkane-labelled WB was prepared in a fume 104 
cupboard.  38 g of C32 was dissolved in 380 ml of heptane using a hotplate stirrer on 105 
low heat.  The resultant solution contained a concentration of 100 mg of C32 per ml of 106 
heptane and 10 ml of this was added to each WB.  The WB then remained in the 107 
fume cupboard overnight at ambient temperature to allow for the absorption of the 108 
C32/heptane solution before being placed into a force-draught oven at 60 
oC for 16 109 
hours.  Prior to removal the temperature was increased to 90 oC for one hour to 110 
ensure the C32 was fully absorbed.  A sub-sample of 5 alkane-labelled WB was 111 
retained for laboratory analysis to determine C32 dose rate. 112 
 113 
Sward Sampling 114 
Quadrat samples (900 cm2) were taken to determine the herbage mass of the field on 115 
days 5, 7, 9 and 12 of the study.  Six herbage samples were taken at random in a 116 
large “W” shape across the whole field with grass cut as close to the soil as possible 117 
without any visible contamination of the sample. Sward height was determined using 118 
a plate meter (F100 Plate Meter, AgriSupplyServices, UK). 119 
 120 
Herbage sampling 121 
Herbage sampling began on day 5 of the study and continued to day 12.  Samples 122 
were taken twice daily at 10 am and 3 pm to 4 pm depending on the grazing activity 123 
of the horses.  A quadrat sample (900 cm2) was taken of the grass each horse was 124 
eating by placing the quadrat as close as possible to where each horse was grazing.  125 
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Samples were weighed and then dried at 60 oC until constant weigh and ground (to 126 
pass through a 1mm dry mesh screen) prior to alkane analyses. 127 
 128 
Faecal sampling 129 
Faecal sampling for alkane analyses occurred during the last 5 days of the study 130 
(days 7 to 12). One complete faecal deposit was collected per horse each day, 131 
weighed and a 250 g sub-sample taken, dried at 60 oC to constant weight and ground 132 
(to pass through a 1mm dry mesh screen) prior to alkane analysis.  An additional 133 
faecal sample was collected for each horse on day 12 of the study, frozen 134 
immediately and transported to the laboratory for determination of microbial 135 
populations. 136 
 137 
Alkane analysis 138 
Herbage and faecal samples were analysed for the natural odd-chain alkane C31 139 
and faecal samples were also analysed for the dosed C32 alkane at the Macaulay 140 
Institute, Aberdeen, United Kingdom using the method described by Ali et al. (2004).  141 
The 5 sub-samples of the WB were also analysed for C32 alkane by crushing them 142 
and placing them into separate 100 ml glass bottles, which were capped and 143 
weighed.  Heptane (30 ml) was added to each bottled and these were then re-144 
weighed. The bottles containing the samples were then heated at 55 oC for 1 hr in an 145 
ultrasonic bath to dissolve the alkane.  A sample (0.2 ml) of the warmed solution was 146 
then removed from each glass bottle and placed into pre-weighed screw-capped 147 
vials.  Vials were then capped and re-weighed and 1.3 ml of alkane internal standard 148 
(C22 = 0.80131 mg/g and C34 = 0.80166 mg/g) added to each vial and the vial re-149 
weighed.  Samples (0.1 ml) were then taken from each vial and placed in separate 150 
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gas chromatography (GC) vials to which 0.3 ml of dodecane was added.  The 151 
concentration of C32 was then determined by GC using the conditions described by 152 
Ali et al. (2004). 153 
 154 
Herbage intake was calculated using the herbage and faecal concentrations of 155 
consecutive even- and odd-chain alkanes using the following equation: 156 
Herbage intake (kg DM/day): 157 
Dj x (Fi/Fj) 158 
                                                   Hi – ((Fi/Fj) x Hj) 159 
Where: 160 
D
j
 = dose rate of even chain alkane (C
32
) 161 
F
j
 = faecal concentration of even chain alkane (C
32
) 162 
H
j
 = herbage concentration of even chain alkane (C
32
) 163 
F
i
: = faecal concentration of odd chain alkane (C
31
) 164 
H
i
: herbage concentration of odd chain alkane (C
31
) 165 
 166 
Statistical analyses 167 
Data were analysed for significant differences between intakes for the two groups 168 
(LAM and NOR) using a t-test in GenStat Release 10.1 (Lawes Agricultural Trust, 169 
Harpenden, UK).  Pearson’s correlation coefficient was used to analyse for any 170 
correlation between liveweight/body condition score and dry matter intakes in ponies. 171 
 172 
Results 173 
Herbage mass was low with a yield of 124 kg DM/ha and a sward height of 1-2 cm. 174 
There was no difference (P>0.05) in dry matter intakes between the two groups of 175 
ponies; 4.43 versus 4.25 kg/day for NOR and LAM, respectively.  Intakes per 176 
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kilogram bodyweight were low in both groups of animals: 1.32 ± 0.31 percent versus 177 
1.62 ± 0.74 percent for NOR and LAM, respectively (Figure 1).  Mean intakes per 178 
kilogram bodyweight were over 20 percent higher in the LAM group; however, there 179 
was a greater variability within the LAM group with intakes ranging from 0.81 to 2.36 180 
percent bodyweight.   Bodyweight fluctuated throughout the study; however, there 181 
was no change in bodyweight between the start and end of the study period.  Body 182 
condition score also did not change over the study period There was no correlation 183 
(P>0.05) between liveweight/body condition score and intakes in ponies. 184 
 185 
Discussion 186 
The intake values in this current study were lower than that reported previously 187 
(Longland et al., 2011). This is most likely attributable to the low herbage mass in the 188 
grazing areas used in the current study compared to others, which was unavoidable 189 
for welfare reasons due to the LAM group being at higher risk of developing laminitis 190 
if grazed on high yielding pasture. Intakes measured during the experimental period 191 
ranged from 0.81 to 2.36 percent of bodyweight, with mean values numerically higher 192 
by over 20 percent in the LAM group, demonstrating large variation in grazing intakes 193 
between animals during the experimental period.  This large variation in intakes may 194 
be important, since if we taking the upper value of 2.36, intakes of a  pasture 195 
containing a higcontent of WSC (384 g/kg DM) (Longland and Byrd, 2006) this would 196 
result in a 300 kg pony ingesting 2.7 kg of WSC and 2 kg of fructan (based on a high 197 
fructan content of 30 percent).   198 
 199 
These intakes of WSC and fructan equate to 9 g and 6.6 g of WSC and fructan/kg 200 
BW, respectively.  These levels of fructan are above the 3 g (Crawford et al., 2007) 201 
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and 3.75 g  (Pollitt et al., 2003) known to elicit the onset of laminitis when given in a 202 
single dose. However, whilst fructan has been used to produce an experimental 203 
model of laminitis (Pollitt, 2002) there is no evidence to suggest that the ingestion of 204 
grass fructan at similar levelselicits the same response (Bailey et al., 2004). There is 205 
also a large variation in WSC content of pastures (Hoffman et al., 2001) and thus 206 
lower WSC contents (100 g/kg DM) at high intake levels (2.36 percent BW) would 207 
result in much lower intakes of WSC (2.6 g/kg BW).   208 
 209 
Induction of laminitis under experimental conditions has been conducted using 210 
commercially available fructo-oligosaccharies, such as inulin, and it is important to 211 
note that there is no evidence to support the use of fructo-oligosaccharides as a 212 
suitable model substrate for grass fructan. It is possible that different levels of grass 213 
fructan may be required to elicit a similar response seen when inulin is administered   214 
Therefore, experimentally-induced laminitis based on model substrates may not be 215 
reflective of the naturally occurring disease and thus it is not possible to extrapolate 216 
information from such studies to provide recommendations on the amounts of grass 217 
fructan required to induce laminitis.   Although there has not been a direct link made 218 
between the onset of laminitis and the ingestion of pastures containing high levels of 219 
non-structural carbohydrates (NSC), it is clear that pasture plays a role in the 220 
development of this condition and it is likely that the ingestion of pasture NSC may 221 
have a role in eliciting this disease.  Therefore, until there is clear evidence that 222 
pasture NSC does not elicit the onset of laminitis, it is important to manage 223 
animals/pastures in a way that reduces potential intakes of high levels of NSC.  224 
Nonetheless, the large variation and fluctuations in WSC and fructan content of 225 
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pastures reported (Hoffman et al., 2001) makes it difficult to manage animals in a 226 
way that ensures limited intakes of pasture NSC.    227 
 228 
The fact that, while any horse/pony can succumb to laminitis under experimental 229 
conditions using large amounts of NSC  administered in a pulse dose and under field 230 
conditions only a proportion of animals in a herd may suffer recurrent laminitis whilst 231 
others remain unaffected, may be explained by differences in intakes between 232 
grazing animals.  It would certainly appear from the results of the current study and 233 
others (Holland et al., 2000; McMeniman, 2000) that there is a large variability in 234 
intakes between animals grazing identical pastures.  It is also noteworthy from the 235 
current study that intakes may be higher in animals with a history of laminitis, and it is 236 
certainly known that obese horses are at greater risk of developing laminitis (Geor 237 
and Harris, 2009).  It is possible that obese horses may also have higher intakes 238 
when grazed under identical conditions to non-obese horses and thus it is 239 
conceivable that grazing intakes in certain individuals may not directly elicit the onset 240 
on laminitis, but influence obesity, insulin resistance and metabolic syndrome, all of 241 
which are associated with an increased risk of laminitis (Geor, 2008).  None of the 242 
ponies in this current study gained weight or BCS, or developed any health issues; 243 
nevertheless, the study period was limited to 12 days and ponies were grazed on 244 
pastures with a low herbage mass.   245 
 246 
A limitation of the current study was that no chemical analyses were performed on 247 
the grazing pasture and thus NSC contents were unknown, but it is likely that this 248 
was low given the BW and health status of the ponies during the study.  A different 249 
picture would likely have emerged if the pasture had a higher herbage mass, with a 250 
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higher nutrient content and NSC levels, and the study period was extended.  The fact 251 
that all ponies maintained weight on such limited pasture is noteworthy and suggests 252 
that grazing animals on similar pastures may be beneficial for managing horses and 253 
ponies that are overweight and/or at risk of developing laminitis.  However, further 254 
monitoring of changes in BW and BCS over a longer period of time would have been 255 
beneficial as 12 days is generally not enough time to see significant changes in BW 256 
or BSC (Geor and Harris, 2009). 257 
 258 
Conclusion 259 
It would appear from these results that there was no difference in intakes between 260 
NOR and LAM ponies; however values were numerically higher and more variable in 261 
the LAM group and thus further work is required with a larger study population and 262 
grazing pastures with a greater herbage mass.   263 
 264 
Acknowledgements 265 
The authors are grateful to World Horse Welfare for their assistance with the study 266 
and for allowing access to ponies at their Centre in Norfolk and to Dr Theresa 267 
Hollands for her assistance with sample collection. 268 
 269 
References 270 
Ali, H.A.M., Mayes, R.W., Lamb, C.S., Hector, B.L., Verma, A.K., Orskov, E.R., 2004. 271 
The potential of long-chain fatty alcohols and long-chain fatty acids as diet 272 
composition markers: development of methods for quantitative analysis and faecal 273 
recoveries of these compounds in sheep fed mixed diets J Agri Sci 142, 71-78. 274 
Bailey, S.R., Marr, C.M., Elliott, J., 2004. Current research and theories on the 275 
pathogenesis of actute laminitis in the horse. Equine Vet. J. 167, 129-142. 276 
12 
 
Carroll, C.L., Huntington, P.J., 1998. Body condition scoring and weight estimation of 277 
horses. Equine Vet J 20, 41-45. 278 
Crawford, C., Sepulveda, M.F., Elliott, J., Harris, P.A., Bailey, S.R., 2007. Dietary 279 
fructan carbohydrate increases amine production in the equine large intestine: 280 
Implications for pasture-associated laminitis.  85, 2949-2958. 281 
Dove, H., Mayes, R.W., 1991. The use of plant wax alkanes as marker substances in 282 
studies of the nutrition of the herbivore - A review. Austrail J Agri Res 42, 913-952. 283 
Geor, R.J., 2008. Metabolic predispositions to laminitis in horses and ponies: obesity, 284 
insulin resistance and metabolic syndromes. J Equine Vet Sci 28, 753-759. 285 
Geor, R.J., Harris, P.A., 2009. Dietary management of obesity and insulin resistance: 286 
countering risk for laminitis. Vet Clin North Am: Equine Prac 25, 51-65. 287 
Hinkley, K.A., Henderson, I.W., 1996. The epidemiology of equine laminitis in the UK. 288 
Proceedings of the 35th Congress of the British Equine Veterinary Congress, 289 
Warwick, UK, p. 62. 290 
Hoffman, R.M., Wilson, J.A., Kronfeld, D.S., Cooper, W.L., Lawrence, L.A., Sklan, D., 291 
Harris, P.A., 2001. Hydrolyzable carbohydrates in pasture, hay, and horse feeds: 292 
Direct assay and seasonal variation. J. Anim. Sci. 79, 500-506. 293 
Holland, J.L., Kronfield, D.S., Cooper, W.L., Ordakowski, A.L., Hargreaves, B.J., 294 
Sklan, D.J., Harris, P.A., 2000. Pasture intake in mature horses. Proceedings of the 295 
Sixteenth Equine Nutrition and Physiology Society, 129 – 129., 129-129. 296 
Longland, A., Byrd, B.M., 2006. Pasture nonstructrual carbohydrates and equine 297 
laminitis. J Nutr 136, 20995-21025. 298 
Longland, A., Cairns, A., Humphreys, M., 1999. Seasonal and diurnal changes in 299 
fructan concentration in lulium perenne: implications for the grazing management of 300 
equines predisposed to laminitis. 16th Equine Nutritional Physiology Societly 301 
Symposium, Raleigh, NC, pp. 258-259. 302 
Longland, A., Ince, J., Harris, P.A., 2011. Estimation of pasture intake by ponies from 303 
liveweight change during six weeks at pasture. J Equine Vet Sci 31, 275-276. 304 
McMeniman, N.P., 2000. Pasture intake by young horses. . RIRDC Publication 3. 305 
Pollitt, C.C., 2002. Equine laminitis: a new induction model based on alimentary 306 
overload with fructan. Proceedings of the 6th Colic Research Symposium, 307 
Manchester, UK, p. 87. 308 
13 
 
Pollitt, C.C., Kyaw-Tanner, M., French, K.R., Van Eps, A.W., Hendrikz, J., Daradka, 309 
M., 2003. Equine laminitis. Proceedings of the 49th Annual convention of the 310 
American Association of Equine Practioners, New Orleans, LA. 311 
Trieber, K.H., Kronfield, D.S., Hess, T.M., Byrd, B.M., Splan, R.K., Staniar, W.B., 312 
2006. Evaluation of genetic and metabolic predispositions and nutritional risk factors 313 
for pasture-associated laminitis in ponies.  228, 1538-1545. 314 
 315 
 316 
 317 
 318 
Figure 1: Grazing intakes of ponies with (LAM) and without (NOR) a history of laminitis  319 
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 326 
Figure 2: Pony liveweights on days 1, 4, 8 and 12 of grazing   327 
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